Objective: The pathological effects of matrix metalloproteinases and their tissue inhibitors in cardiovascular diseases are of considerable interest. In our study, we aimed to determine and evaluate the potential significance of circulating matrix metalloproteinases-2 and 9, tissue inhibitors of matrix metalloproteinases-1 and 2 levels in four patient subgroup of pediatric cardiology field and expose pathophysiologic differences between these groups. Methods: Eighty-seven patients with the diagnosis of congenital heart disease and 47 healthy controls were enrolled in the study. The study group was stratified to 4 subgroups; 14 patients with right ventricular volume overload, 30 patients with left ventricular volume overload, 19 patients with left to right shunt who developed pulmonary hypertension and 24 patients with cyanotic congenital heart disease. For evaluation of the relationships between serum matrix metalloproteinases and their tissue inhibitors levels with cardiac structures and functions; complete blood count, arterial oxygen saturation, detailed echocardiographic measurements (including tissue Doppler) in all patients and hemodynamic parameters of the patients who went to cardiac catheterization were recorded. Serum matrix metalloproteinase levels were determined by ELISA test. Statistical evaluations were performed with SPSS 16.0. For parameters showing normal distribution, comparisons were made with t-test and ANOVA test. However, for parameters without normal distribution, groups were compared with Mann-Whitney U test and KruskalWallis test. Results: We demonstrated that serum tissue inhibitors of matrix metalloproteinases-1 levels of patients with pulmonary hypertension secondary to congenital heart diseases were significantly higher than the patients with left to right shunt without pulmonary hypertension and controls (p<0.01). Although serum matrix metalloproteinases and their tissue inhibitors levels in patients with cyanotic congenital heart diseases and patients with right or left ventricular volume overload were found to be altered when compared with controls but not significant. Conclusion: Our data may suggest the possible role of matrix metalloproteinases and their tissue inhibitors on myocardial remodeling in congenital heart defects and especially in patients who developed pulmonary hypertension. (Anadolu Kardiyol Derg 2014; 14: 531-41) 
Introduction
Matrix metalloproteinases, or matrixins, are a large group of zinc-dependent proteases that are responsible for cleaving and rebuilding connective tissue components such as collagen, elastin, gelatin and casein (1) (2) (3) . Tissue inhibitors of metalloproteinases are specific inhibitors of matrixins that participate in controlling the local activities of matrix metalloproteinases in tissues (4, 5) . In the pathological conditions with unbalanced matrix metalloproteinases activities, changes in tissue inhibitors of matrix metalloproteinases levels are considered important. The pathological effects of matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases in cardiovascular disease processes that involve vascular remodeling, atherosclerotic plaque instability, and left ventricular remodeling after myocardial infarction are of considerable interest (6) (7) (8) .
Gelatinases, a subgroup of metalloproteinases, include matrix metalloproteinase-2 and matrix metalloproteinase-9 proteins. Matrix metalloproteinase-2 is known to cleave native collagen type I (1-3). Therefore, gelatinases play an important role in vascular remodeling. In human and animal studies, it was demonstrated that increased matrix metalloproteinase-2 and matrix metalloproteinase-9 activity are related with the destruction of the elastic lamina of arteries and the aneurysm formation (9) (10) (11) . In patients with hypertrophic cardiomyopathy, it have been suggested that modifications of matrix metalloproteinase-2 and tissue inhibitors of matrix metalloproteinase-2 release and activity can be related or responsible for cardiac remodeling mechanisms (12) . Also, in patients with idiopathic pulmonary arterial hypertension, imbalance between matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases levels has been reported (13) .
Matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases have been demonstrated to influence left ventricular properties and found that increased plasma matrix metalloproteinase levels correlate with increased left ventricular volumes and reduced left ventricular ejection fraction in patients with congestive heart failure (14) . In contrast to adult patients, pediatric patients almost have a congenital heart defect that play major role on body with different mechanisms. We assumed that congenital heart diseases have to be divided to four subgroups by their major influences on body. These groups are left to right shunt causing left or right ventricular volume overload, cyanotic congenital heart diseases causing hypoxia and congenital heart diseases causing pulmonary hypertension. In our study, we aimed to determine and evaluate the potential significance of circulating matrix metalloproteinase-2, matrix metalloproteinase-9, tissue inhibitors of matrix metalloproteinase-1 and tissue inhibitors of matrix metalloproteinase-2 levels in four patient subgroup of pediatric cardiology field and expose pathophysiologic differences between these groups.
Methods
Ethics statement Written informed consent was obtained from all participating parents of patients, as required by the institutional review board under an approved protocol (Ethic Committee of Eskişehir Osmangazi University, Faculty of Medicine, and Number 2007/124).
Patients and controls
From March 2007-June 2009, 87 patients (46 males and 41 females) evaluated at Eskişehir Osmangazi University Medical Faculty, Department of Pediatric Cardiology with the diagnosis of congenital heart disease were enrolled in the study. The patients' age were between 3 months-18 years (mean 57.1±6.2 months). The control group of the present study consisted of 47 healthy subjects who were age and sex matched with patients group and presented for innocent murmur.
After a complete physical examination, complete blood count and arterial oxygen saturations of all subjects were studied; telecardiograms and electrocardiograms were evaluated. A diagnostic transthoracic echocardiography was performed to all cases. Moreover, for evaluation of the relationships between serum matrix metalloproteinase, tissue inhibitors of matrix metalloproteinase levels and cardiac structures and functions, detailed echocardiographic measurements were recorded.
The study group was stratified to four subgroups: Group 1: Fourteen patients with congenital heart disease leading to right ventricular volume overload (atrial septal defect), Group 2: Thirty patients with congenital heart disease leading to left ventricular volume overload (ventricular septal defect or patent ductus arteriosus), Group 3: Nineteen patients with left to right shunt (atrial septal defect, ventricular septal defect or patent ductus arteriosus) who developed pulmonary hypertension, Group 4: Nineteen patients with cyanotic congenital heart disease (Tetralogy of Fallot or complex cardiac defects including transposition of great arteries or truncus arteriosus, tricuspid atresia, pulmonary atresia, total anomalous pulmonary venous connection, along with associated defects).
Patients with pulmonary hypertension were not included in Groups 1 and 2. Patients with right and left ventricular volume overload (Group 1 and 2) were compared with each other and with controls in terms of matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase levels for demonstrating the roles of these molecules on left and right ventricular remodeling. In this respect, we also calculated matrix metalloproteinase / tissue inhibitors of matrix metalloproteinase ratios to find out corruption of balance between matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase.
In order to investigate the effect of pulmonary hypertension, group 1 and 2 cases were compared with group 3 cases whose shunt led to pulmonary hypertension. The mean pulmonary artery pressure detected during cardiac catheterization more than 25 mm Hg was accepted as pulmonary hypertension. Also patients with a cyanotic (group 1 and 2) and cyanotic (group 4) congenital heart diseases were compared with each other and controls.
In all patient groups, the relevance of matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase levels with left and right ventricular systolic and diastolic functions were investigated in all patients, however the relevance with hemodynamic parameters (atrial mean pressure, systolic and diastolic pressures, pulmonary artery and aorta systolic, diastolic and mean pressures, pulmonary and systemic blood flows (Qp and Qs, respectively) and the flows ratio (Qp/Qs), pulmonary and systemic resistance values (Rp and Rs) and the resistances ratio (Rp/Rs), the volumes of left to right and right to left shunts) were investigated in selected patients who went to cardiac catheterization. In addition, the relationship of matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase levels with the degree of hypoxia was also questioned in cya-notic patients by investigating their correlations with the levels of hemoglobin, hematocrit, mean corpuscular volume, red-cell distribution width and arterial oxygen saturation values.
Echocardiographic evaluation
Hewlett Packard Sonos 5500 echocardiography device with four -or 8-MHz broadband probe was used for echocardiographic studies. After standard diagnostic evaluation with echocardiography, left ventricular systolic functions were evaluated by M-mode study through the level of the papillary muscles in the parasternal long axis position. The values of ejection fraction, fractional shortening, the left ventricular end-diastolic internal diameter, left ventricular end-systolic internal diameter, diastolic left ventricular mass and systolic left ventricular mass were recorded.
Left ventricular diastolic functions were calculated from mitral early (E) and second (A) peak flow velocities, E/A ratio, deceleration time and isovolumetric relaxation time with pulsedwave Doppler method. By tissue Doppler method, the cursor placed through regions of lateral mitral annulus and lateral tricuspid annulus, the left and right ventricular systolic and diastolic peak flow velocities were recorded: ventricular ejection during systole (S m for mitral, S t for tricuspid), the rapid passive ventricular filling during diastole (E m for mitral, E t for tricuspid), and ventricular filling by atrial contraction (A m for mitral, A t for tricuspid). Also myocardial performance index for both ventricles were calculated by the method which was described previously by Tei et al. (15) . The relationships between matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase levels with all calculated echocardiographic parameters were evaluated.
Biochemical measurements
Venous blood samples were collected from the subjects of all groups and then the sera were separated and stored at -70°C until analysis. The levels of matrix metalloproteinase-2, matrix metalloproteinase-9, tissue inhibitors of matrix metalloproteinase-1 and tissue inhibitors of matrix metalloproteinase-2 were analyzed by ELISA method using commercially available assays RayBiotech Kits (RayBiotech, Inc. Norcross, GA, USA). 
Statistical analysis

Results
The baseline characteristics of the subjects are shown in Tables 1 and 2 . There were no significant differences between the all of the study and control groups for age and gender.
The mean serum levels of matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases of left to right shunt patients (Group 1 and 2) and the control group are shown in Table 3 . Although serum levels of matrix metalloproteinase-2 ASD -atrial septal defect; CHD -congenital heart disease; PDA -patent ductus arteriosus; PHT -pulmonary hypertension; TAPVC -total anomalous of pulmonary venous connection; TGA -transposition of great arteries; VSD -ventricular septal defect were higher in group 1 than group 2 and controls, the difference between the groups was not significant (p>0.05). In the same way, both matrix metalloproteinase-9 and tissue inhibitors of matrix metalloproteinase-1 levels measured higher in group 2 than group 1 and the controls, tissue inhibitors of matrix metalloproteinase-2 levels were lower in both group 1 and 2 than the controls, the differences found were not significant.
To demonstrate the balance between matrix metalloproteinases and tissue inhibitors of matrix metalloproteinase in congenital heart diseases, matrix metalloproteinases/tissue inhibitors of matrix metalloproteinases ratios were examined between any of the study and control groups, but no significant differences were found (p>0.05). Matrix metalloproteinase-2 and matrix metalloproteinase-9 levels in patients with pulmonary hypertension (group 3) were higher than the group 1 & 2 (patients with left to right shunt but without pulmonary hypertension) and the control group but it was not significant (p>0.05) ( Table 4 ). Serum tissue inhibitors of matrix metalloproteinase-1 levels in patients with pulmonary hypertension were found significantly higher than group 1 & 2 and the controls (respectively 905.3±191.2; 370.1±76.7 and 344.1±76.3 pg/mL; Fig. 1 ) (p<0.01). Although the calculated mean matrix metalloproteinase-2/tissue inhibitors of matrix metalloproteinase-1 and matrix metalloproteinase-9/tissue inhibitors of matrix metalloproteinase-1 ratios of patients with pulmonary hypertension were found quite lower than patients without pulmonary hypertension and the control groups, the difference between these groups was not significant (p>0.05).
The mean matrix metalloproteinase-2/tissue inhibitors of matrix metalloproteinase-1 ratio was lower when compared with controls especially in cyanotic congenital heart disease group, but the difference between the groups was not significant (p>0.05). It was also valid for other measurements and ratios of cyanotic congenital heart disease group in comparison with acyanotic patients and the control subjects.
Correlations between serum matrix metalloproteinase, tissue inhibitors of matrix metalloproteinase levels (pg/mL), matrix metalloproteinase/tissue inhibitors of matrix metalloproteinase ratios and echocardiographic parameters, hemodynamic parameters and hypoxia (Table 5 and Fig. 2-5 To demonstrate the balance between MMPs and TIMPs in congenital heart diseases, MMPs/TIMPs ratios were examined between group 1 and 2 and controls but the differences found were not significant (P>0.05). Hemodynamic evaluation: Both matrix metalloproteinase-9 and tissue inhibitors of matrix metalloproteinase-1 levels were found to be negatively correlated with left to right shunt amount and a positively correlated with Rp and Rp/Rs values. Also, matrix metalloproteinase-9, tissue inhibitors of matrix metalloproteinase-1 and tissue inhibitors of matrix metalloproteinase-2 levels showed a negative correlation with Qp/Qs, Qp and RVPs values, respectively. There was no correlation between the parameters associated with hypoxia and matrix metalloproteinase, tissue inhibitors of matrix metalloproteinase levels.
Group 4 Echocardiographic evaluation:
Matrix metalloproteinase-9 levels negatively correlated with E t and E/A t values measured by tissue Doppler method. Among the parameters associated with hypoxia, only mean corpuscular volume levels positively correlated with tissue inhibitors of matrix metalloproteinase-2 levels.
Discussion
The current study examined the relationship between serum matrix metalloproteinases and their inhibitors with echocardiographic and hemodynamic parameters in subjects with various congenital heart defects for the first time.
Matrix metalloproteinases and tissue inhibitors in the heart with volume overload In our study, serum matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase levels in patients with the right ventricular or left ventricular volume overload did not show a significant difference with control group or the other study groups but matrix metalloproteinase-2 levels in the group with right ventricular volume overload, matrix metalloproteinase-9 and tissue inhibitors of matrix metalloproteinase-1 levels in the group with left ventricular volume overload were higher than the control group, tissue inhibitors of matrix metalloproteinase-2 levels in both groups with right and left ventricular volume overload were lower than the controls (p>0.05).
It was claimed that metalloproteinases which selectively degrade components of the extracellular matrix during developmental stages of tissue act on remodelling of myocardium during congestive heart failure and cardiomyopathy (12, 14) . Many types of matrix metalloproteinases are regarded as particularly being related with myocardial remodeling (8, 16) . For that reason, matrix metalloproteinase inhibitors have been suggested as a potential therapeutic approach in the prevention of cardiovascular diseases.
Chronic ventricular volume overload leads to changes in ventricular weight, end-diastolic volume and functions. For the formation of these characteristic myocardial remodeling, some changes might occur interstitial collagen matrix (17) . In ventricular remodelling created by chronic volume overload or overdrive pacing, partial destruction of extracellular matrix has been shown mainly related with the increase in matrix metalloproteinase activity (18, 19) .
In a rat model, chronic biventricular volume overload created with an aorto-caval fistula it was observed that matrix metalloproteinase activity and collagen volume fraction remained normal all along the compensated hypertrophy phase when left ventricular mass, size and compliance was continuing to decrease (17, 20) . However matrix metalloproteinase activity increased in the decompensated phase, and also severe fibrosis, left ventricular enlargement, increase in compliance and decrease in contractility were determined. Nagatomo et al. (21) generated mitral insufficiency leading acute volume loading due to chordal rupture in dogs and reported that matrix metalloproteinase activity increased more than threefold during acute volume overload but decreased to the levels of control group. Also, they reported that proportion of matrix metalloproteinase activity to total amount of matrix metalloproteinase increased more than fourfold in the acute volume overload and, therefore, indicated the loss of inhibitory control. On the other hand, Spinale et al. (22) and McElmurray et al. (23) observed that inhibition of matrix metalloproteinase attenuated the degree of left ventricular dilatation, but led to an increase in interstitial collagen and an abnormal in myocardial stiffness. They thought that these negative effects are resulted from the inhibition of the normal breakdown of collagen. In contrast, Peterson et al. (24) stated that a reduction in myocardial fibrosis in rats with hypertensive heart failure treated with matrix metalloproteinase inhibitors.
As we have seen, there are conflicting studies about alterations of matrix metalloproteinases and tissue inhibitors in the 
heart with volume overload. All these studies are experimental that conducted in animal models and In our study, findings may be compatible with chronic volume overload because our patients generally are sustained to chronic volume load but yet not entered the decompensated phase.
Matrix metalloproteinases and tissue inhibitors in pulmonary hypertension
In our study, serum tissue inhibitors of matrix metalloproteinase-1 levels of patients with pulmonary hypertension secondary to congenital heart diseases, were significantly higher than controls and the patients with left to right shunt without pulmonary hypertension (p<0.01). Also it was observed that matrix metalloproteinase-2 and matrix metalloproteinase-9 levels were higher in patient with pulmonary hypertension associated congenital heart diseases, although it was not significant. We think that significantly elevated tissue inhibitors of matrix metalloproteinase-1 levels in cases with pulmonary hypertension either contributes to the development of remodeling seen in pulmonary hypertension or to form a protective effect against the development of pulmonary hypertension by inhibiting matrix metalloproteinases.
In experimental models with pulmonary arterial hypertension, it was searched whether matrix metalloproteinases contribute to the progression of pulmonary hypertension and migration of smooth muscle cell or not. In some studies, matrix metalloproteinases were found to contribute to the development of pulmonary arterial hypertension in animals but differences in the effects of matrix metalloproteinase inhibitors were observed between studies. Knowledge about matrix metalloproteinase/ tissue inhibitors of matrix metalloproteinase balance in humans with idiopathic pulmonary arterial hypertension is limited (25) (26) (27) (28) (29) .
Lepetit et al. (13) studied secretion and activity of the collagenase matrix metalloproteinase-1, matrix metalloproteinase-3, matrix metalloproteinase-7, tissue inhibitors of matrix metalloproteinase-1 and tissue inhibitors of matrix metalloproteinase-2 in the lung tissues of patients with idiopathic pulmonary arterial hypertension who underwent lung transplantation. The authors found tissue inhibitors of matrix metalloproteinase imbalance in cultured pulmonary artery smooth muscles, with increased tissue inhibitors of matrix metalloproteinase-1 and decreased matrix metalloproteinase-3. An increase in total matrix metalloproteinase-2 and proportion of active matrix metalloproteinase-2 were observed and matrix metalloproteinase-2 is found to be particularly in smooth muscle cells and elastic fibers. Furthermore, a matrix metalloproteinase-3/ tissue inhibitors of matrix metalloproteinase-1 imbalance was found. MT1-matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase-2 amounts in idiopathic pulmonary arterial hypertension cells were similar with control cells. Our finding that serum tissue inhibitors of matrix metalloproteinase-1 levels of the patients with pulmonary hypertension was found 3 times higher than control group without pulmonary hypertension (p<0.05). Although Lepetit et al. (13) supports the result of a slight increase in matrix metalloproteinase-2 levels found in patient with pulmonary hypertension, compared to the other groups, there was not an obvious difference between them.
In idiopathic pulmonary hypertension, disruption of internal elastic lamina, disorganization of extracellular matrix and migration of smooth muscle cells are strong evidences that supporting direct role of matrix metalloproteinase-2. This enzyme not only degrades neurofibrillary collagen but also breaks down collagen (30) . It has been shown that elastin degradation is an early pulmonary vascular abnormality in the patients with congenital heart disease associated with pulmonary arterial hypertension (31). Frisdal et al. (29) identified increased matrix metalloproteinase-2 expression and activity in rats with pulmonary hypertension by exposure to chronic hypoxia or monocrotaline. The authors enounced that matrix metalloproteinase expression might be modulated by cytokines, most notably interleukin-1α, which are induced by monocrotaline and hypoxia related inflammatory processes. The authors also suggested another possible mechanism might involve physical forces. They thought that the increased pressure/stretch might affect gelatinase expression since they found a correlation between gelatinase activity and severity of pulmonary hypertension.
In a rat model, Palei et al. (32) observed that inhibition of matrix metalloproteinases with doxycycline, reduces the hemodynamic changes of acute pulmonary embolism. They found an overt increase in matrix metalloproteinase-2 and matrix metalloproteinase-9 activity of the lung in acute pulmonary embolism and then treatment with L-arginine brought relief in pulmonary hypertension and caused reduction of matrix metalloproteinase-2 and matrix metalloproteinase-9 activity. On the same way, batimastat, a specific matrix metalloproteinase inhibitor, were tested by different researchers and batimastat formed a similar beneficial effects in chronically hypoxic rats with pulmonary hypertension (33) .
In the studies which were generally conducted in experimental animal models and in scattered human studies with the different etiologies of pulmonary hypertension, matrix metalloproteinase-2 activity, usually, was found to be higher (13, 29, 34) . However, results related to matrix metalloproteinase-9 activity are generally conflicted (29, 31) .
Matrix metalloproteinases and tissue inhibitors in cyanotic congenital heart disease In this present study, patients with cyanotic congenital heart disease compared with acyanotic patients and control group and significant difference was not found between the groups (p>0.05). However, serum matrix metalloproteinase-2 and matrix metalloproteinase-9 levels in cyanotic group were lower whereas tissue inhibitors of matrix metalloproteinase-1 levels were higher than the controls and acyanotic group. Tissue inhibitors of matrix metalloproteinase-2 levels were lower in the acyanotic and cyanotic groups than the controls.
These findings suggest that tissue inhibitors of matrix metalloproteinase-1 increment in cyanotic congenital heart diseases is in the forefront and perhaps, matrix metalloproteinase-2 and matrix metalloproteinase-9 reduction may be due to inhibition by tissue inhibitors of matrix metalloproteinase-1. However, these findings need to be assessed by further studies. We could not find any study comparing serum matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase levels in a cyanotic and cyanotic congenital heart disease.
Correlation of matrix metalloproteinases and tissue inhibitors levels with echocardiographic, hemodynamic and hypoxia-related parameters In patients with right ventricular volume overload the correlations showing that increments in left to right shunt, pulmonary blood flow and right ventricular function impairment were related with matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase level reduction were striking. However, in patients with left ventricular volume overload, matrix metalloproteinase-2 levels correlated positively with systolic and diastolic pressures in the aorta and tissue inhibitors of matrix metalloproteinase-2 levels with left ventricular diastolic pressure values. In patients with left to right shunt who developed pulmonary hypertension, tissue inhibitors of matrix metalloproteinase-1 levels showed a positive correlation with right ventricular myocardial performance index. This correlation showing that tissue inhibitors of matrix metalloproteinase-1 levels increased parallel to right ventricular dysfunction in those patients with pulmonary hypertension showing higher tissue inhibitors of matrix metalloproteinase-1 levels is seem to support each other. Matrix metalloproteinase and tissue inhibitors of matrix metalloproteinase levels and the hematological parameters reflecting hypoxia were not correlated with each other. Exceptionally, tissue inhibitors of matrix metalloproteinase-2 levels showed a negative correlation with mean corpuscular volume values.
Finally it is seen that pharmacological inhibitors of matrix metalloproteinases such as doxycycline, zinc chelators and batimastat have been used as diagnostic and therapeutic tools in cancer, autoimmune and cardiovascular diseases (32, 33) . Therefore, the following question comes to mind for our study, wonder if the medications used by patients had impact on the matrix metalloproteinases levels? Although it is very difficult to answer, we think that this is mostly valid for adult studies. Unlike adult cardiac diseases and heart failure, pediatric cardiac problems generally corrected or improved in clinical status by surgical or transcatheter intervention. When our study groups were analyzed, it would be seen that all the recruited patients had cardiac defects that should require a prompt intervention. Therefore long-term drug therapy is not suitable for these patients. In our patient groups, mainly, angiotensin converting enzyme inhibitors (ie. enalapril), diuretics and digoxin were used. Theoretically, some antihypertensive drugs may alter the levels of matrix metalloproteinases but it was found that enalapril has no effect on matrix metalloproteinase levels (35) . Moreover, it has been reported that spironolactone treatment for 24 weeks found partially reverse the dysregulation in collagen metabolism (36) .
Also, it should be noted that best procedure of blood sampling to optimize the analysis of both matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases is a matter of strong controversy (37) . For studying the function and role of matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases in different conditions, some authors used plasma and the others used serum samples, not considering the impact of blood collection influencing both quantitative and qualitative level (37) (38) (39) (40) . Gerlach et al. (40) declared positive correlations between serum and plasma matrix metalloproteinase levels but Jung et al. (41) found some methodological weakness in Gerlach's study. However, at a recent study (42) , the authors have emphasized that serum levels of matrix metalloproteinase-8, not plasma levels, were significantly associated with patients' clinical outcome.
Study limitations
Lack of prior research studies on the topic and relatively small number of patients included are challenging to interpret our results. Additional large and prospective clinical studies are required to demonstrate the importance of serum matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases levels in clinical practice and their predictive role as biomarkers of congenital heart diseases. The majority of our findings was not significant. Therefore, our results need to be supported by more comprehensive studies.
Conclusion
We demonstrated that serum tissue inhibitors of matrix metalloproteinase-1 levels of patients with pulmonary hypertension secondary to congenital heart diseases were significantly higher than those of the patients with left to right shunt without pulmonary hypertension and controls. Also serum matrix metalloproteinases and their tissue inhibitors levels in patients with cyanotic congenital heart diseases and patients with right or left ventricular volume overload were found to be altered when compared with controls although the data was not significant. Our data may suggest the possible role of matrix metalloproteinases and their tissue inhibitors on myocardial remodeling in congenital heart defects. 
